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(g) Nitric oxide delivery system. 



@ A nitric oxide delivery system for providing a 
predetenmined concentration of nitric oxide to a 
patient, the system comprising a supply (10) of 
nitric oxide having a known concentration, a 
gas delivery system (30) for providing a brea- 
thing gas for delivery to a patient, the nitric 
oxide delivery system comprising a patient 
adapter (28) receiving the breathing gas from 
the gas delivery system (30) and connecting to a 
patient (42), the patient adapter (28) having a 
passageway therethrough, a flow transducer 
(46) within the patient adapter (28) for passage- 
way sensing the flow of breathing gas delivered 
by the gas delivery system (30) and generating a 
signal indicative of such flow, control means 
(52) for generating a signal indicative of the 
predetenmined concentration of nitric oxide to 
be delivered to the patient (42) from the patient 
adapter (28), a flow control valve (24) control- 
ling the flow of nitric oxide from the supply of 
nitric oxide (10), conduit means receiving the 
flow of the nitric oxide from the flow control 
valve (24) and introducing the flow into the 
patient adapter (28), the flow of nitric oxide 
mixing within the patient adapter (28) at a point 
downstream in the passageway from the flow 
transducer (46), and a signal processor (56) 
responsive to the signal from the flow trans- 
ducer (46) representative of the sensed flow and 
to the signal from the control means (52) to 
calculate and provide a signal to the flow con- 
trol valve (24) to establish a flow through the 
flow control valve (24) to the patient adapter 
(28) in an amount sufflcient to establish a nitric 



oxide concentration delivered from the patient 
adapter (28) to the patient (42) in the predeter- 
mined amount. 
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The administration of inhaled nitric oxide (NO) to 
patients is currently being investigated for its thera- 
peutic effect. The use of NO has a vasodilatory effect 
on such patients and is particularly of importance in 
the case of newborns having persistent pulmonary 
hypertension. In such cases, the administration of NO 
has significantly increased the oxygen saturation in 
such infants. 

The function of the administration of NO has 
been fairly widely published and typical articles ap- 
peared in The Lancet, Vol. 340, October 1992 at pa- 
ges 818-820 entitled "Inhaled Nitric Oxide in Persis- 
tent Pulmonary Hypertension of the Newborn" and 
"Low-dose Inhalational Nitric Oxide in Persistent Pul- 
monary Hypertension of the Newborn" and in Anes- 
thesiology, Vol. 78, pgs. 413-416 (1993), entitled "In- 
haled NO- the'past, the present and the future". 

The actual administration of NO is generally car- 
ried out by its introduction into the patient as a gas 
along with other normal inhalation gases given to 
breathe the patient Such commercially available sup- 
plies are provided in cylinders under pressure and 
may be at pressures of about 2000 psi and consist of 
a mixture of NO in nitrogen with a concentration of 
NO of between about 800-2000 ppm. As such, there- 
fore, some means must be used to reduce the pres- 
sure of the supply to acceptable levels for a patient 
and also to very precisely meter the amount of the NO 
and nitrogen mixture so that the desired concentra- 
tion of NO is actually administered to the patient. 
Such administration must also be added in sympathy 
with the respiration pattern of the patient 

The concentration administered to a patient will 
vary according to the patient and the need for the 
therapy but will generally include concentrations at or 
lower than 150 ppm. There is, of course, a need for 
that concentration to be precisely metered to the pa- 
tient since an excess of NO can be harmful to the pa- 
tient In addition, the administration must be efficient 
in a timely manner in that NO is oxidized in the pres- 
ence of oxygen to nitrogen dioxide and which is a tox- 
ic compound. Therefore, care in its administration is 
paramount. 

Current known methods of such administration, 
therefore have been limited somewhat to clinical sit- 
uations where attending personnel are qualified from 
a technical sense to control the mixing and adminis- 
tration of the NO to a patient. Such methods have in- 
cluded the use of a forced ventilation device, such as 
a mechanical ventilator where a varying flow os 
breathing gas is delivered to the patient as well as gas 
blenders or proportioners that supply a continuous 
flow of the breathing gas to the patient to which NO 
has been added. 

In the former case, the use of a ventilator is con- 
strained in that the user must know the precise flow 
from the ventilator and then the amount of NO to be 
added is determined on a case-to-case and moment- 



to-moment basis. Furthermore, the flow profile in 
forced ventilation varies continuously thereby making 
it impossible to track the flow manually. In the use of 
the latter gas blenders, the introduction of the NO 

5 containing nitrogen has been accomplished through 
the use of hand adjustment of the gas proportioner in 
accordance with a monitor that reads the concentra- 
tion of NO being administered to the patient Thus the 
actual concentration is continuously being adjusted 

10 by the user in accordance with the ongoing conditions 
of the apparatus providing the breathing mixture. 

While such modes of providing a known concen- 
tration of NO to the patient may be acceptable from 
a closely controlled and monitored clinical setting, it 

15 is advantageous to have a system that could be used 
with various means of providing the breathing gas, 
whether by mechanical means such as a ventilator, or 
by the use of a gas proportioner and which could au- 
tomatically adjust for that particular equipment and 

20 assure the user that the desired, proper concentra- 
tion of NO is being administered to the patient 

In accordance with the invention, there is provid- 
ed a nitric oxide delivery system that is useable with 
various means of administering the NO, including the 

25 use of any mechanically assisted ventilation and ven- 
tilatory pattern, such as a ventilator or with spontane- 
ous ventilation where the NO is introduced by means 
of a gas proportioning device that provides a contin- 
uous flow to the patient The invention includes a flow 

30 transducer that senses the flow of gas from the gas 
delivery system and uses that information with a se- 
lective algorithm to provide an operator selectable 
concentration of NO to the patient As used herein, 
the term gas delivery system is intended to include 

35 various types of gas proportioning devices, gas mix- 
ers and various types of mechanical ventilators used 
to provide breathing gas to a patient and may include 
an anesthesia machine, or manual bag, used with a 
patient undergoing an operation and which has a 

40 fresh gas supply. 

In the preferred embodiment, a CPU obtains in- 
formation from the flow transducer and from an input 
device that allows the user to select the desired con- 
centration of NO to be delivered to the patient and cal- 

45 culates the flow of NO/nitrogen to obtain that selected 
concentration. It will be noted, however, that while a 
CPU is preferred, the signal processing needed by 
this system can readily be accomplished through the 
use of alternate technologies, such as analog or dig- 
so ital circuitry, fluidic circuits, optical means or mech- 
anical components. The term "signal processing 
means" is intended to encompass the variety of ways 
that may be utilized to carry out the various signal 
processing functions to operate the subject NO deliv- 

55 ery system. 

Accordingly, the present system can be used with 
precision with various gas delivery systems, including 
ventilators of different manufacturers operating with 
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diverse ventilatory patterns without the need to cal- 
culate output from the ventilator, to interrogate the 
gas delivery means, or to regulate the concentration 
manually. The user is thus free to concentrate on 
other procedures that will improve the patient. 

By use of the CPU, various algorithms may be 
stored and used as appropriate. For example, there 
may be one algorithm that is used to obtain a steady 
concentration of NO in a spontaneous or continuous 
flow situation such as when a gas proportioner of gas 
blender is used. Adiffering use of that same algorithm 
may be used to achieve an instantaneous change in 
the NO/nitrogen supply flow to maintain the desired 
flow to the patient or, that same algorithm may be 
used to calculate a breath-by-breath flow of NO/nitro- 
gen such that the flow from the gas delivery system 
may be determined and used to adjust the NO/nitro- 
gen flow to maintain the desired NO concentration to 
the patient in the next breath delivered to the patient. 
In any manner, the CPU takes over the manual setting 
of any valves and established the concentration of 
NO to the patient as set or selected by the user. 

Another use of the preferred signal processor, the 
CPU, is to supervise the safe operation of the NO de- 
livery system by providing alarm functions and other 
functions to protect the patient in the event of faults 
in the delivery of NO. 

As an alternate embodiment, a further means is 
included that adjusts the 02 concentration to the pa- 
tient to compensate for the diminution of 02 to the pa- 
tient as the patient inspiratory gas is loaded with 
NO/nitrogen to achieve a specified concentration of 
NO in the patients inspired gases. As a still further 
embodiment, a purge system is included that is acti- 
vated to purge the various components and to fill the 
system with a gas having a known nitric oxide concen- 
tration from the supply. 

The system also includes various controls, 
alarms and safety devices to prevent excess concen- 
trations of NO2 in the administration of NO to the pa- 
tient, including means to shut down the NO system or 
to reduce the NO concentration to the patient to a 
safer level. The NO delivery system may thus provide 
an alarm or other appropriate action in the event of an 
Increase in the NO ^evel beyond a predetermined lev- 
el, a decrease !n!02 below a predetermined level 
and/or an increase of N02 above a predetermined 
level. Depending on the severity of the alarm condi- 
tion, an alanm may sound or the entire system may be 
controlled to alleviate the unsafe condition sensed. 

For a better understanding of the invention, ref- 
erence will now be made, by way of exemplification 
only, to the accompanying drawings in which: 

Figure 1 is a schematic view, partially in block di- 
agram form, of apparatus in accordance with an em- 
bodiment of the present invention. 

Figure 2 is a schematic view, partially in block di- 
agram from, of apparatus in accordance with another 



embodiment of the present invention. 

Turning first to FIG.1 , there is shown a schematic 
view, partially In block diagram form, showing an ap- 
paratus constructed in accordance with the present 

5 invention. In the FIG. 1, a supply of nitric oxide is pro- 
vided in the form of a cylinder 10 of gas. That gas is 
preferably nitric oxide mixed with nitrogen and is a 
commercially available mixture. 

Although the preferred embodiment utilizes the 

10 present commercial NO/nitrogen mixture, it is obvi- 
ous that the NO may be introduced to the patient via 
some other gas, preferably an inert gas. Generally, of 
course, the cylinder 10 of nitric oxide is delivered 
pressurized and a typical pressure is on the order of 

15 about 2000 psi with a concentration of nitric oxide in 
the order of about 1000 ppm. Alternatively, the NO/ni- 
trogen gas may be available in a central supply within 
a hospital and be available through the normal hos- 
pital piping system to various locations such as oper- 

20 ating rooms. In such case, the pressure may already 
be reduced to a relatively lower amount that the cy- 
linder pressures. 

A pressure regulator 12 is used, therefore,;to re- 
duce the pressure of the gas in cylinder 10 down to 

25 acceptable levels for operation of the system, and 
again, typically, the regulator 1 2 reduces the pressure 
to about 40 psi or lower. An on-off shutoff valve 1 4 re- 
ceives the reduced pressure gas from regulator 12 
through a suitable conduit and is preferably solenoid 

30 operated. T he use and purpose-otthejsJiutof f va lve 14^ 
will later be explained in_con j unction with the opera^ 
tion of the nitric oxide delivery system. 

A separate supply of pure nitrogen may be em- 
ployed and, again, generally is provided by a cylinder 

35 16 of nitrogen although pipeline nitrogen is available 
in numerous hospitals. The pressure of the nitrogen 
within cylinder 16 is reduced to the desired system 
level by means of regulator 1 7 and the nitrogen there- 
after supplied via a conduit to a proportional control 

40 valve 18 that is controlled in a manner to be descri- 
bed. Suffice at this point is to state that the propor- 
tional control valve 18 provides a predetermined flow 
of nitrogen through a suitable conduit into the conduit 
to be mixed with the NO/nitrogen gas from cylinder 1 0 

45 and which then enters the shutoff valve 14. 

The purpose of the additional supply of nitrogen 
is to dilute, if necessary, the concentration of nitric 
oxide in the supply to the shutoff valve 14 to a desired 
amount. For example, the cylinder 10 may be supply- 

50 ing a concentration of nitric oxide that is too high for 
the particular flows in the system and therefore the 
concentration may be reduced to a more desirable 
level. If, of course, the supply of nitric oxide from cy- 
linder 10 is suitable for the particular application, the 

55 addition of supplemental nitrogen is unnecessary. 

Further downstream in the conduit carrying the 
NO/nitrogen stream Is a purge valve 20 and which 
may be a solenoid operated valve that diverts the 
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stream of NO/nitrogen from shutof f valve 1 4 to a side- 
stream 22 where the mixture Is removed from the en- 
vironment by means of a hospital evacuation or other 
system to remove such gases. Such system may, of 
course, have various treatment means such as a N02 
and NO scrubber 23 if required in a particular hospi- 
tal. 

Again, the control of the purge valve 20 and its 
use will be later explained in connection with the over- 
all operation of the nitric oxide delivery system, and 
which is optional. 

A further proportional control valve 24 is posi- 
tioned with suitable conduit to receive the NO/nitro- 
gen gas from the purge valve 20. Typical of such pro- 
portional control valves for both the proportional con- 
trol valve 18 in the nitrogen supply system and the 
proportional control valve 24 in the NO/nitrogen 
stream may be obtained commercially from various 
companies, including MKS Instruments, Inc. of And- 
over, MA and which provide electronic control of gas- 
es. As may be seen, alternately, the valve may be a 
digital controlled valve rather that analog and which 
Is controlled by timing its on/off cycles to effect the 
desired flow through the proportional control of flow 
therethrough. Combination of several valves used 
singly or in combination can be used to extend the de- 
livery range. 

A flow sensor 26 is located in the downstream 
conduit from proportional control valve 24 and 
senses the flow from such valve. Typically, in view of 
the values of flow at this point in the nitric oxide de- 
livery system, the flow transducer may be of a tech- 
nology such as the thermal mass flowmeter available 
from MKS Instruments, Inc. or may be of other tech- 
nology of other suppliers. 

A delivery adaptor 28 receives the NO/nitrogen 
gas via a suitable conduit for introduction into a fur- 
ther gas stream from the gas delivery system (not 
shown). 

Delivery adaptor 28 is preferably a one piece re- 
usable device and which has an inlet 30 which re- 
ceives the gas delivered from the gas delivery sys- 
tem. As indicated, that gas delivery system may be a 
mechanical means providing a varying flow, such as 
a ventilator, may be gas continuously supplied by a 
gas proportioning device for spontaneous ventilation 
or may be gases supplied to a bag for manual venti- 
lation. As can be seen, the actual gas delivery system 
itself is not critical since the present system indepen- 
dently ascertains the flow from that system and pro- 
ceeds to calculate and then deliver the proper flow of 
n itric oxide to arrive at the concentration to the patient 
that is selected by the user. 

The delivery adaptor 28 has a main passage 32 
therethrough and which receives the gas from the gas 
delivery device through inlet 30 for delivery to a pa- 
tient. The gas actually delivered to the patient is 
transmitted via a patient wye piece 34 having an in- 



spiratory limb 36 and an expiratory limb 38 of conven- 
tional design. The patient limb 40, obviously, leads to 
the patient indicated by the block 42. 

Af urther inlet 44 is formed in the delivery adaptor 

5 28 and which receives the NO/nitrogen gas from the 
proportional control valve 24 through flow sensor 26. 
As can be seen from FIG. 1, a flow transducer 46 is 
also included in the delivery adapter 28 and which de- 
tects the flow of gas from the gas delivery system. 

10 The inlet 44 is positioned downstream in the delivery 
adapter 28 from flow transducer 46. Flow transducer 
46 may be of a variety of technologies, including 
pneumotach, hot wire anemometer, thermal flow sen- 
sor, variable orifice, thermal time-of-f light, rotating 

15 vane and the tike. Included, obviously, are flow trans- 
ducers that actually measure pressure, such as a 
pressure drop though an orifice, in order to determine 
flow. 

A sampling port 48 is formed in the delivery adap- 

20 ter 28 and which communicates with the flow of gas 
passing through the main passage 32. It should be 
noted that the sampling port 48 thus samples the 
mixed gases, that Is the gas downstream from the in- 
let 44 and thus downstream from a confluence 50 

25 where the NO/nitrogen stream of gas is mixed with 
the inspiratory gas from the gas delivery system. 

Accordingly, the flow from the gas delivery 
means enters the inlet 30 at a flow rate Qi and at a cer- 
tain concentration of oxygen YO21 and is mixed in the 

30 main passage of delivery adapter 28 with the NO/ni- 
trogen gas from proportional control valve 24 at con- 
fluence 50. Flow transducer 46 is upstream of the 
confluence 50 and thus senses the flow only of the 
gas from the gas delivery system while sampling port 

35 48 is downstream of the confluence 50 and thus pro- 
vides access to samples of the gases that are mixed 
together at confluence 50. At confluence 50, there 
may be a diffuser such as a screen or sintered, por- 
ous block that enhances the mixing of the NO/nitro- 

40 gen with the gases from the gas delivery system. 

Therefore, the concentration of mixed gases at 
sampling port 48 contains the concentration of NO 
that actually enters the patient for therapeutic treat- 
ment and is the concentration set by the user, yNOs©t. 

45 Connected to the gas sampling port 48 is a gas 

sensing bench 52 and which analyzes the concentra- 
tions of certain components of the gas stream admin- 
istered to the patient. In the preferred embodiment, 
the gas sensing bench 52 samples the gases through 

50 conduit 54 and senses and quantifies the concentra- 
tion of NO as well as N02 and 02. Alternately, a sen- 
sor may be directly attached to the delivery adaptor 
28 and directly sense such gas passing through the 
main passage 32. 

55 A signal processing means, such as a CPU 56 is 

provided'to solve certain equations and algorithms to 
operate the nitric oxide delivery system. CPU 56 re- 
ceives a signal from an input device 58 indicative of 
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the concentration the user desires to be administered 
to the patient. CPU 56 also receives signals from the 
flow transducer 46 indicative of the flow of gas deliv- 
ered by the gas delivery system. Q| through a signal 
line 60 and also receives signals indicative of the con- 
centration of NO, as well as NO2 and O2 from gas sen- 
sor bench 52 via a signal line 62 and a signal from 
flow sensor 26 indicative of the flow from proportional 
control valve 24, Q^ei, respectively via a signal line 64. 

Another input to CPU 56 is provided by the NO 
sensor 65 through signal line 67, The NO sensor 65 
senses the concentration of NO in the supply cylinder 
10 so that the user can verify that the proper supply 
is being utilized or, alternatively, the CPU 56 may use 
that input to adjust the system to adapt for any con- 
centrations of NO in the supply within certain limits. 
NO sensor 65 could, of course, be eliminated if the 
NO cylinder 10 is always constant or by keying into 
the NO sensor in the gas sensing bench 52. A switch- 
ing mechanism (not shown) would be required to sam- 
ple from the multiple sources of samples. 

Control signals are transmitted from CPU 56 to 
proportional control valve 18, shutoff valve 14, purge 
valve 20, and proportional valve 24 via signal lines 66, 
68, 70, and 72 respectively. 

In the operation of the present NO delivery sys- 
tem, therefore, the inlet 30 is connected to a gas de- 
livery system, whether that gas delivery system is a 
mechanical ventilator or gas proportioning device or 
other means of supplying a breathing gas to a patient. 
As the gas is delivered from the gas delivery system, 
its flow is sensed by the flow transducer 46 in delivery 
adapter 28 and a signal is transmitted indicative of 
that flow to the CPU 56. 

The user activates the input device 58 to select 
the desired concentration of NO that is to be admin- 
istered to the patient. That input device 58 may be of 
a variety of devices, such as a keyboard, dial, encod- 
er, touch screen, thumb wheel or the like. 
=^^Aiternatively, the input may be a signal that is 
built into the delivery system by the manufacturer and 
not be selectable by the actual end user. For example, 
the delivery system may be designed to operate to 
provide a fixed concentration of NO and the use of the 
system with any gas delivery system would result in 
that fixed, predetermined concentration of NO to be 
administered to the patient. 

In the preferred embodiment, however, the de- 
sired NO concentration to be administered to the pa- 
tient is set by the user by means of an Input to CPU 
56. 

As can be seen, the CPU 56 has sufficient infor- 
mation to carry out the proper calculations, that is, it 
knows the flow of breathing gas from the gas delivery 
device by means of flow transducer 46 (Q|,) and the 
concentration of NO in the NO/nitrogen supply by 
means of NO sensor 65 (yNOcut)- With that Information, 
CPU 56 can calculate the desired flow (Qdei) ^rom the 



proportional control valve 24 that needs to be provid- 
ed to the confluence 50 to mix with the gas from the 
gas delivery system to produce the desired or set con- 
centration (YNOset) established by the user through in- 
5 put device 58. 

Basically, CPU 56 calculates the flow of NO/nitro-. 
gen to be added to the confluence 50 through the fol- 
lowing equation; 

Qdel(t) = [YNOset(t) / (YNOcut " YNOset(t)] * Qi(t) 

10 By this equation, the concentration of NO to the 

patient can be changed at an instantaneous rate lim- 
ited only by the speed and sensitivity of the compo- 
nents such as flow transducer 46. The faster the re- 
sponse of flow transducer 46 is, the faster changes 

15 can be made in flow of the NO/nitrogen to confluence 
50 by proportional control valve 24 such that the NO 
to the patient can instantaneously account for 
changes in the flow profile from the gas delivery sys- 
tem to maintain that concentration set by the user. 

20 The flow delivered (Q^ei) from the proportional control 
valve 24 to the confluence 50 is determined from the 
concentration set by the user, (yNOget). The concen- 
tration NOcut is the concentration of NO- in nitrogen 
from the supply cylinder 10 and the flow from the gas 

25 delivery system is 0\. By this equation, the CPU 56 
can make extremely rapid, such as 20 millisecond, 
changes to the flow delivered from proportional con- 
trol valve 24 (Odd) in order to maintain the concentra- 
tion of the flow delivered to the patient at the desired 

30 level as determined by the user (yset)- 

As an alternate, the system may operate on a 
breath-by-breath basis, that is, the system can take 
a reading of the flow, or a portion thereof, from the 
gas delivery system at each breath and calculate the 

35 desired flow of NO/nitrogen for delivery at the next 
breath. Although such delivery is less rapid than the 
instantaneous equation, slower flow transducers and 
control valves may by employed and thus less expen- 
sive components used in the system. Therefore mean 

40 values can be used for the values set by the user (yno 
setmean) and the flow delivered by the proportional 
control valve 24 (Odd) is expressed as a function of 
the inspired tidal volume of gas (Vt.msp.) and the time 
of inspiration (tipsp ). In such system, the equation is 

45 basically the same: 

Odd - [ YNOset,mean / (YNOcut " YNOsetmean)] * Vt^jnsp. / tjnsp. 

With the breath-by-breath analysis, however, the 
flow transducer 46 may detect the start and end of a 
breath , or selected portion thereof, integrate to deter- 
50 mine the total or fixed selected volume of the breath, 
and adjust the proportional control valve 24 to provide 
the set or desired concentration of NO at the next 
breath. 

For constant or continuous flow ventilation from 
55 the gas delivery system as might be provided by a gas 
mixer or proportioning device, the same basic equa- 
tion is used: 

Qdel ~ [ YNOset / ( * NOcut " YNOset)] * Q| 
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In this case, however, since the flow is continu- 
ous and the tidal volume assumed to be constant, the 
flow from the gas delivery system, (Qj) may be sam- 
pled at a relatively slow rate, for example, once per 
second, and the flow of NO/nitrogen calculated and 
established from proportional control valve 24 on that 
particular timing cycle. 

In any of the foregoing cases, the principal of op- 
eration is the same and the operative equation is ba- 
sically the same. By knowing the flow from the gas 
delivery system by means of flow transducer 46 and 
the concentration of NO in the main supply from NO 
sensor 65, a derivation is made by the CPU 56 and 
the proportional control valve 24 is adjusted to pro- 
vide then calculated flow of NO/nitrogen to arrive at 
the desired concentration set by the user in the 
breathing gas actually administered to the patient. 

Confirmation of the flow from the proportional 
control valve 24 is made by the flow sensor 26 so that 
CPU 56 can check to see of the actual flow corre- 
sponds to the flow calculated and established by the 
CPU 56 through signal line 72 to proportional control 
valve 24. Alternatively, the flow sensor 26 can control 
the proportional control valve 24 using a feedback 
system and which Is available in the commercial 
valves from, for example, MKS Instruments Inc. 

As is also be apparent from Figure 1 , CPU 56 also 
controls the proportional control valve 18 via signal 
line 66 and can operate that valve to further reduce 
the concentration of the NO in nitrogen from cylinder 
1 0 in the event very low concentrations are set by the 
user and the system is otherwise unable to reduce the 
concentration to the desired point. 

The gas sensing bench 52 provides a continuous 
monitor of the actual NO concentration administered 
to the patient and therefore is a further safety monitor. 
In the event the NO detected by the gas sensing 
bench 52 is a predetermined value away from the set 
point established by the user, an alarm may be trig- 
gered so the user can attend to the problem. In the 
event that the NO level rises to a dangerous level, 
CPU 56 will have that information and can take more 
drastic steps such as to discontinue use of the NO to 
the patient by shutting off the shutoff valve 14 or by 
automatically reducing the NO level to a lower, safe 
level established in the system. 

As further alarms or triggers to actively change 
or terminate the NO system, the gas sensing bench 
52 also monitors and provides the CPU 56 with a con- 
tinuous reading of the concentrations of O2 and NO2 
being administered to the patient and, again, the CPU 
56 can be programmed to take the appropriate action, 
be it trigger an alarm or reduce the NO concentration 
in the event the O2 level falls below a predetermined 
value or the NO2 rises above a predetermined value. 

Finally, in the event of a loss of pressure in the 
supply at any time, CPU 56 can activate purge valve 
20 to purge the system of any other gases that may 



be in the supply line and refill the supply lines from 
cylinder 1 0 to the purge valve 20 with fresh NO/nitro- 
gen. In this way, the system is recharged with the cor- 
rect supply gas and no extraneous gases, such as 
5 ambient air, will be introduced into the system to 
cause error. 

Accordingly, through the use of the present NO 
delivery system, the concentration of NO delivered to 
the patient may be established, either by the selection 

10 by the user, or set by a predetermined value by the 
system itself, and that desired value will be transmit- 
ted to the patient without any interrogation of the gas 
delivery device. The system is thus independent and 
may be readily used with any mechanical ventilator, 

15 gas proportioning device or other gas delivery system 
to deliver a known, desired concentration of NO to a 
patient. / 

Turning briefly to Figure 2, there is shown in 
schematic view, partially in block form, of another em- 
20 bodiment of the present NO delivery system. In Fig- 
ure 2, all of the corresponding components have been 
numbered with the same identification numbers as in 
Figure 1. 

In this embodiment, however, an additional sup- 

25 plemental oxygen supply has been added by means 
of an oxygen cylinder 74 containing pressurized oxy- 
gen and which pressure is reduced by means of a reg- 
ulator 76. Again it should be noted that the control of 
the oxygen supply is by means of a proportional con- 

30 tro! valve 78 which is controlled by the CPU 56 via a 
signal line 80. 

Thus the operation of the Figure 2 embodiment is 
the same as previously explained with respect to the 
Figure 1 embodiment however the supplemental oxy- 

35 gen system may be used to add oxygen to the system 
in the event the gas sensing bench 52 indicates to the 
CPU 56 that the concentration of oxygen has been re- 
duced to an unacceptable level. Such reduction in 
oxygen could occur in the event the concentration of 

40 NO is set to a very high level and the flow of NO/ni- 
trogen from proportional control valve 24 to conflu- 
ence 50 is very high and the combined flow to the pa- 
tient thus is deprived of the needed amount of oxygen 
being supplied by the gas delivery system. 

45 In such event, the CPU 56 merely signals propor- 

tional control valve 78 to add or increase the flow of 
oxygen to the NO/nitrogen stream being admitted to 
confluence 50, that is, upstream of confluence 50 by 
means of a suitable conduit 

50 

Claims 

1. A nitric oxide delivery system adapted to be con- 
55 nected to a supply of nitric oxide having a known 

concentration and for providing a predetermined 
concentration of nitric oxide to a patient receiving 
a breathing gas from a gas delivery system, the 
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nitric oxide delivery system comprising a flow 
transducer for sensing the flow of gas delivered 
by the gas delivery system to the patient and pro- 
viding a signal indicative of such flow, means for 
providing a signal indicative of the predetermined 
concentration of nitric oxide to be delivered to the 
patient, a flow control valve controlling the flow 
of nitric oxide from the supply of nitric oxide, con- 
duit means receiving the flow of the nitric oxide 
from said flow control valve and combining the 
flow into the flow of gas from the gas delivery 
system, and a signal processor responsive to the 
signal from the flow transducer and to the signal 
indicative of the predetermined concentration to 
provide a signal to the flow control valve to estab- 
lish a flow of nitric oxide through the control valve 
to the conduit means in an amount to establish a 
nitric oxide concentration delivered to the patient 
in the predetermined amount. 

2. A nitric oxide delivery system according to Claim 
1 in which the conduit means combines the flow 
of the nitric oxide from the supply of nitric oxide 
and the flow of gas from the gas delivery system 
at a point downstream from the flow transducer. 

3. A nitric oxide delivery system according to Claim 
1 or Claim 2 further including a sensor to detect 
at least the concentration of NO in the gas deliv- 
ered to the patient. 

4. A nitric oxide delivery system for providing a pre- 
determined concentration of nitric oxide to a pa- 
tient, the system comprising a supply of nitric ox- 
ide having a known concentration, a gas delivery 
system for providing a breathing gas for delivery 
to a patient, the nitric oxide delivery system com- 
prising a flow transducer for sensing the flow of 
breathing gas delivered by the gas delivery sys- 
tem and generating a signal indicative of such 
flow, control means for generating a signal indi- 
cative of the predetermined concentration of ni- 
tric oxide to be delivered to the patient, a flow 
control valve controlling the flow of nitric oxide 
from the supply of nitric oxide, conduit means re- 
ceiving the flow of the nitric oxide from the flow 
control valve and introducing the flow into the 
flow of gas from the gas delivery system, and a 
signal processor responsive to the signal from 
the flow transducer representative of the sensed 
flow and to the signal from the control means to 
provide a signal to said flow control valve to es- 
tablish a flow through the flow control valve to the 
conduit means in an amount sufficient to estab- 
lish a nitric oxide concentration delivered to the 
patient in the predetermined amount. 

5. A nitric oxide delivery system according to Claim 



4 in which the conduit means introduces the flow 
of the nitric oxide from the supply of nitric oxide 
into the flow of gas from the delivery system at a 
point downstream of the flow transducer. 

5 

6. A nitric oxide delivery system according to Claim 
4 or Claim 5 in which the gas delivery system 
comprises a means to provide a varying flow of 
breathing gas. 

10 

7. A nitric oxide delivery system for providing a pre- 
determined concentration of nitric oxide to a pa- 
tient, the system comprising a supply of nitric ox- 
ide having a known concentration, a gas delivery 

15 system for providing a breathing gas for delivery 

to a patient, the nitric oxide delivery system com- 
prising a patient adapter receiving the breathing 
gas from the gas delivery system and connecting 
to a patient, the patient adapter having a passa- 

20 geway therethrough, a flow transducer within the 

patient adapter for sensing the flow of breathing 
gas delivered by the gas delivery system and 
generating a signal indicative of such flow, con- 
trol means for generating a signal indicative of 

25 the predetermined concentration of nitric oxide to 

be delivered to the patient from the patient adap- 
ter, a flow control valve controlling the flow of ni- 
tric oxide from the supply of nitric oxide, conduit 
means receiving the flow of the nitric oxide from 

30 the flow control valve and introducing the flow 

into the patient adapter, the flow of nitric oxide 
mixing within the patient adapter at a point down- 
stream in the passageway from the flow trans- 
ducer, and a signal processor responsive to the 

35 signal from the flow transducer representative of 

the sensed flow and to the signal from the control 
means to calculate and provide a signal to the 
flow control valve to establish a flow through the 
flow control valve to the patient adapter in an 

40 amount sufficient to establish a nitric oxide con- 

centration delivered from the patient adapter to 
the patient in the predetermined amount. 

8. A nitric oxide delivery system according to Claim 
45 7 in which the patient adapter further includes a 

gas sensor adapted to sense the concentration of 
NO in the gas to be delivered. 

9. A nitric oxide delivery system according to Claim 
50 7 or Claim 8 in which the signal processor is a 

central processing unit (CPU), and the gas deliv- 
ery system is a mechanical ventilator. 

10. A nitric oxide delivery system according to any 
55 one of Claims 7 to 9 in which the system is a gas 

blender providing a continuous flow of gases. 
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Figure 1. 
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